Hypertension is the leading cause of cardiovascular morbidity and mortality in both sexes. 1 Most of the earlier epidemiological studies had consistently shown higher blood pressure (BP) levels in men than in women. [2] [3] [4] [5] Gender difference in BP emerges during adolescence and persists through the age of 60 years. 5, 6 Therefore, men are also at greater risk for developing cardiovascular and renal complications than women. 7, 8 The mechanisms responsible for these gender differences in BP are not well understood, but sex hormones have been discussed as a possible cause. 9-11 Recent studies seem to suggest, however, that the gender differences in hypertension may be fading, at least, in some groups. 12, 13 Hajjar et al.'s study, 12 for example, found no significant differences in the prevalence of hypertension between men and women in all ethnic groups in the United States. Women had a greater increase in hypertension prevalence than men from 1988 to 2000. 12 Obesity is an important risk factor for elevated BP in women, 14 and the rate of obesity is particularly high among ethnic minority women. 15, 16 It is unclear whether the observed gender differences in hypertension are consistent across different ethnic groups in Europe and whether the high prevalence of obesity among ethnic minority women modifies the gender differences in hypertension in ethnic minority groups.
Hypertension is the leading cause of cardiovascular morbidity and mortality in both sexes. 1 Most of the earlier epidemiological studies had consistently shown higher blood pressure (BP) levels in men than in women. [2] [3] [4] [5] Gender difference in BP emerges during adolescence and persists through the age of 60 years. 5, 6 Therefore, men are also at greater risk for developing cardiovascular and renal complications than women. 7, 8 The mechanisms responsible for these gender differences in BP are not well understood, but sex hormones have been discussed as a possible cause. [9] [10] [11] Recent studies seem to suggest, however, that the gender differences in hypertension may be fading, at least, in some groups. 12, 13 Hajjar et al.'s study, 12 for example, found no significant differences in the prevalence of hypertension between men and women in all ethnic groups in the United States. Women had a greater increase in hypertension prevalence than men from 1988 to 2000. 12 Obesity is an important risk factor for elevated BP in women, 14 and the rate of obesity is particularly high among ethnic minority women. 15, 16 It is unclear whether the observed gender differences in hypertension are consistent across different ethnic groups in Europe and whether the high prevalence of obesity among ethnic minority women modifies the gender differences in hypertension in ethnic minority groups.
The aim of this paper is twofold: (i) to ascertain whether gender disparity in hypertension is consistent across different ethnic groups and (ii) if not so, whether differences in body sizes explain demonstrated gender disparity in hypertension.
Methods
Study population. Details of the study methods have been published elsewhere. 17, 18 In brief, the SUNSET study was carried out to assess the cardiovascular risk profile among three ethnic groups in the Netherlands: African-Surinamese, HindustaniSurinamese, and White-Dutch people. Suriname was a former Dutch colony. In 1975, during the process of decolonization, almost half of the entire Surinamese population migrated to the Netherlands. The study was based on a sample of 35-60-yearold, noninstitutionalized people in Southeast Amsterdam. Two Background studies have consistently shown a lower prevalence of hypertension in women than in men. Obesity is an important risk factor for hypertension, and the rate of obesity is particularly high among ethnic minority women. It is therefore questionable whether the lower prevalence of hypertension in women is also true among specific ethnic minority groups in Europe. Hence, we sought to determine whether gender disparity in hypertension is consistent across different ethnic groups, and if not so, whether differences in body sizes (body mass index (BMI) and waist circumferences) explain demonstrated gender disparities in hypertension among different ethnic groups in Amsterdam, the Netherlands.
the sUNsEt study was a random sample of 1,432 people aged 35-60 years (508 White-Dutch, 591 African-surinamese, and 333 Hindustani-surinamese).
results Age-adjusted hypertension rate was significantly lower in White-Dutch women than in White-Dutch men as expected-the odds ratio (95% confidence interval) was 0.35 (0.23-0.54). this difference hardly changed after adjustment for body sizes and other factors. However, among the ethnic minority groups, age-adjusted hypertension rate did not differ significantly between women and men in both African-surinamese 0.74 (0.51-1.08) and Hindustani-surinamese 0.80 (0.49-1.29). It was only after further adjustment for body sizes that African-surinamese women were significantly less likely than African-surinamese men to have hypertension 0.54 (0.36-0.81). the same pattern applied to the Hindustani-surinamese, although less pronounced 0.59 (0.34-1.02). conclusion Gender differences in hypertension are not consistent across ethnic groups. the lack of differences in ethnic minority groups is related to lifestyle factors particularly overweight and obesity. articles Gender Disparities in Hypertension and Ethnicity thousand Surinamese and ~1,000 White-Dutch were randomly selected from the Amsterdam population register. People in these samples were approached for an oral interview between 2001 and 2003. The interviewers were matched by ethnicity and sex. The overall response rate was 60% among the WhiteDutch and 60% among the Surinamese. Those who responded to the oral interview were invited for medical examination. The subsequent response rate was 84% among the Surinamese and 90% among the White-Dutch. The response rates were higher in women than in men in each ethnic group but there were no differences between the ethnic groups in both men and women. All participants signed a consent form. The analyses that are presented here are based on the population that participated in the interview as well as the medical examination. The Medical Ethical Committee of the Amsterdam Academic Medical Centre approved the study protocols.
Measurements. Information on demographics, physical activity, dietary habits, history of smoking, alcohol consumption, hypertension, and treatment was obtained during the participant's interview. Ethnic groups were classified according to the selfreported ethnic origin of the respondent and/or the ethnic origin of the mother and father. Grandparents' ancestry was used if this information was missing or unclear. In the Netherlands, the term "Creole" is used to refer to people with African ancestral origins and their offspring who migrated to the Netherlands via Suriname. For ease of international comparison, we refer to this group here as African-Surinamese. 19 The term "HindustaniSurinamese" is used to refer to people with South Asian ancestral origin and their offspring who migrated to the Netherlands via Suriname. The term White-Dutch refers to people with Dutch ancestral origin ( henceforth, Dutch).
Educational level was classified into two categories: low (secondary school and below) and high (vocational training and above). Alcohol consumption was classified into two categories: none vs. current drinkers. Physical activity was classified into two categories ≥5 days, 30 min/day vs. <5 days, 30 min/day. Smoking status was classified into nonsmokers vs. current smokers. Dietary habits were based on fruit intake (≥2 pieces/ day vs. <2 pieces/day) and vegetable intake (daily vs. not daily).
Height was measured without shoes with a measuring tape to the nearest 0.1 cm. Weight was measured in light clothing to the nearest 0.2 kg. Body mass index (BMI) was calculated as weight (kg) divided by height (m 2 ). Overweight was defined as BMI ≥25 kg/m 2 (≥23 kg/m 2 for Hindustani group in line with the international guideline 20 ) to BMI <30 kg/m 2 and obesity was defined as BMI ≥30 kg/m 2 . Waist circumference was measured at midway between the lower rib margin and the iliac crest. Fasting venous blood was taken for the measurement of lipids and glucose. Blood pressure was measured in the morning with a validated oscillometric automated digital BP device (OMRON, Japan) by trained staff in Amsterdam Academic Medical Centre. Using appropriate cuff sizes, two readings were taken on the right arm in a seated position after the subject had emptied their bladder and had been seated for at least 5 min. The mean of the two readings was used in the analyses.
Hypertension was defined as a systolic BP ≥140 mm Hg, or diastolic BP ≥90 mm Hg, or being on antihypertensive therapy.
Data analysis. Baseline data were expressed as percentages or mean and standard deviations. χ 2 -Tests were used to assess differences in categorical variables. Continuous variables were analyzed using t-tests. Gender difference in high BP was assessed in each ethnic group by means of logistic regression analyses controlling for potential confounders. The first model included only age; the second model, additionally, included BMI; the third model, additionally, included waist circumference; and the fourth model, additionally, included fasting glucose, total-cholesterol, educational level, and behavioral factors (smoking status, physical activity, alcohol consumption and dietary habits). All statistical tests were two-tailed and P values <0.05 were considered statistically significant. All statistical analyses were performed using SPSS 14.0 for windows (SPSS, Chicago, IL). results characteristics of the study population Table 1 shows the characteristics of the study population by gender in each ethnic group. Among Dutch, men were significantly more likely than women to drink alcohol and less likely than women to eat two or more pieces of fruit per day. The mean waist circumference and fasting glucose levels were significantly higher in men than in women. Among AfricanSurinamese, men were significantly more likely than women to smoke and drink alcohol but had a lower mean BMI and waist circumference. African-Surinamese men were significantly less educated and had a lower rate of daily vegetable intake compared with African-Surinamese women. Hindustani men were significantly more likely than Hindustani women to smoke and drink alcohol, but had a lower mean BMI and were more physically active. The rate of daily vegetables intake was significantly lower in Hindustani men than in Hindustani women.
hypertension
The prevalence of hypertension was significantly lower in women than in men but only in the Dutch group ( Table 1) . African-Surinamese and Hindustani women were significantly more likely than their men counterparts to be treated for hypertension. Figure 1a -c shows prevalence of hypertension by age group and gender in each ethnic group. Dutch <40-yearold and 50-60-year-old women had a significantly lower prevalence of hypertension than their men counterparts (P = 0.03, P = 0.01, respectively). No significant differences were found between men and women in all the age groups in both AfricanSurinamese (Figure 1b) and Hindustanis (Figure 1c) . Table 2 shows adjusted odds ratios of hypertension in each ethnic group. Dutch women had significantly lower ageadjusted odds of hypertension than Dutch men. This difference remained unchanged after adjustment for BMI, waist circumference, and cholesterol, fasting glucose, and behavioral factors. Among African-Surinamese, the age-adjust hypertension rate did not differ significantly between men and women. However, articles Gender Disparities in Hypertension and Ethnicity after adjustment for BMI, African-Surinamese women had significantly lower odds of hypertension than African-Surinamese men. Among Hindustanis, the age-adjusted hypertension rate did not differ between men and women. Further adjustment for BMI and waist circumference lowered the odds for women but the difference remained statistically nonsignificant (P = 0.06). However, after further adjustment for fasting glucose, cholesterol, educational level, and behavioral factors, Hindustani women had a significantly lower prevalence of hypertension than Hindustani men.
In a separate analysis of all the ethnic groups combined (data not shown), there was a significant interaction between gender and ethnicity (P = 0.01) on hypertension.
Blood pressure levels
Among Dutch, women had a lower mean systolic and diastolic BP than men ( Table 1 ). These differences were observed in all age groups (Figures 2a and 3a) . African-Surinamese women also had a lower mean systolic and diastolic BP than men. However, among the various age groups, only 35-40-year-old women had a significantly lower mean systolic BP than men (Figure 2b) , and only 40-49-year-old women had a significantly lower mean diastolic BP than men (Figure 3b) . Among Hindustanis, there was no significant difference in systolic BP between women and men in all the age groups (Figure 2c) . The mean diastolic BP was lower in Hindustani women than in men, but only in those aged ≥40 years (Figure 3c ). 
discussion
Although studies have assessed ethnic differences in hypertension in Europe, [15] [16] [17] gender difference in hypertension within ethnic groups has not yet been studied. The present paper fills this knowledge gap.
Our finding indicates that the patterns of gender differences in hypertension differ between ethnic groups. Consistent with earlier studies, we found clear gender differences in hypertension in the Dutch group, with Dutch women having a lower prevalence of hypertension than Dutch men. [2] [3] [4] [5] The lower prevalence of hypertension in women has been suggested to be the result of the relative protection of the female by estrogen and/or exacerbation in the male by androgen 21 though hormone replacement therapy has not been shown to consistently lower BP in postmenopausal women. 22 For example, in women who have experienced surgical menopause, estrogen replacement therapy did not result in significant sustained reductions in BP. 23, 24 The gender difference in hypertension observed among the Dutch group was not present in the ethnic minority groups. The lack of difference between men and women in these groups was explained by the higher body sizes and, related to this, lower physical activity among the ethnic minority women. This indicates that the relatively advantageous position of women with regard to hypertension is being diminished by the high prevalence of overweight and obesity among ethnic minority women.
These findings have important implications. Obesity is significantly more common in middle-aged women than in men, and ethnic minority women are remarkably affected as compared to their male counterparts in western countries. 16, 17, [25] [26] [27] [28] [29] In this present study, for example, nearly 43% of AfricanSurinamese women were obese compared with 18% of African-Surinamese men whereas 27% of Hindustani women were obese compared to 15% of Hindustani men. Although the relationship between obesity and hypertension is firmly established, the underlying mechanisms are not well understood. The lack of gender differences in hypertension in ethnic minority groups was attributable to the high prevalence of overweight and obesity in ethnic minority women, an observation that underscores the urgent need to tackle this problem with lifestyle modifications. These findings also indicate that environmental rather than biological factors appear to be the major contributors to these gender differences in hypertension.
The lack of gender differences in hypertension in our study is consistent with recent reports in the United States. 12, 13 The increasing prevalence of overweight and obesity especially among ethnic minority women 29 may contribute to the lack of gender differences in hypertension observed in these recent US studies. 12, 13 Data on gender differences in hypertension among various ethnic groups are limited in Europe. These findings clearly indicate the need to assess gender disparities in hypertension in other European countries, especially in those countries with large proportions of ethnic minority groups, to help guide intervention efforts. Left unchecked, the increasing prevalence of overweight and obesity among ethnic minority women may reverse their cardiovascular disease protective advantage enjoyed by women in other populations.
The recommendations for lifestyle and pharmacological treatment of hypertension are similar for men and women. However, one study showed that women are less likely than men to have their BP controlled with lifestyle interventions alone, probably because women are less successful than men in losing weight. 30 Although the effect of weight reduction on BP reductions has not been extensively studied from a gender perspective, the expected benefit has been demonstrated in women in small clinical trials. 14 As obesity is an important factor for high BP in women, 31 weight reduction is of particular importance for BP control 32, 33 especially among ethnic minority women, given the high prevalence of overweight and obesity among these groups. Decreased levels of physical activity have also been associated with high BP. 1, 32, 33 Given the beneficial effects of exercise on weight reduction, promotion of physical activity may help to bridge the gender gap in high BP among ethnic minority groups, [32] [33] [34] especially among Hindustani women in the Netherlands in whom physical inactivity is highly prevalent.
There are limitations to this study. The cross-sectional nature of our study design indicates that causal inferences can only be made with caution. As in many surveys, some of our study variables were based on self-reported data, which may affect the validity of our study conclusions. In addition, our BP levels were based on the average of two measurements at a single visit, which might have overestimated the prevalence rates. Studies have shown that in women, the prevalence of hypertension was similar to, or higher than, that in men by age 60 years in all ethnic groups. 12, 13 Our current study has no data on those aged >60 years, which limit our ability to assess the influences of these factors on hypertension in our study. Future European studies should take this into account. Also, bias could have resulted from a differential response rate by ethnic group. However, our nonresponse analyses found no significant difference in response rates between the ethnic groups in both men and women. In addition, the male and female study population appeared to be largely representative of the original sample. It is therefore unlikely that this could have affected our study conclusions.
The finding of this study indicates that patterns of gender differences in high BP differ between ethnic groups. The lack of gender differences in ethnic minority groups were due to the higher BMI and a higher prevalence of physical inactivity among ethnic minority women. These findings clearly underscore the urgent need to tackle the increasing prevalence of overweight/ obesity among ethnic minority women in western societies. Community-based strategies that promote lifestyle modifications such as weight loss and increasing physical activity may help to prevent future increases in hypertension and subsequently cardiovascular disease among ethnic minority women.
